Background. Non-contrast computed tomography (NCT) has become an important diagnostic tool in acute abdominal pain, but the drawback is the increased radiation dose compared to abdominal plain film (APF). Purpose. To evaluate whether NCT, including low-dose computed tomography (LDCT, using 50 mAs), provides more diagnostic information than APF in patients presenting with acute non-traumatic abdominal pain and if the use of CT can reduce the total number of additional radiograms. A second aim was to compare the diagnostic outcome between standarddose computed tomography (SDCT) and LDCT. Material and methods. During 2000, 2002, and 2004 a total of 222 patients were retrospectively reviewed, and 86 patients had APF, 60 had SDCT, and 76 had LDCT. The radiological report of each patient was compared with the final diagnosis obtained from the medical record within 30 days. Additional radiograms were registered, and a total radiation dose excluding or including APF or NCT was calculated. Results. NCT gave a correct diagnosis in 50%, compared to 20% with APF (P < 0.001). The total number of additional radiograms was substantially lower in the computed tomography (CT) group compared to the APF group (P < 0.001), and the average sum of radiation dose was similar for APF and LDCT. Conclusion. NCT was found to be significantly better at providing diagnostic information than APF in patients presenting with acute abdominal pain. It reduced the number of additional radiograms, but the total patient dose remained somewhat higher in the CT group even when using LDCT with 50 mAs.
Introduction
Computed tomography (CT) has, particularly since the introduction of spiral CT, become more and more useful in the evaluation of acute abdominal pain. CT is known to have a better diagnostic accuracy than abdominal plain film (APF) (1) (2) (3) , and when a patient is presenting with acute abdominal pain, non-contrast CT (NCT), without intravenous or peroral contrast, has been found to give reliable information (4) .
Several studies have shown the value of NCT in the evaluation of acute appendicitis, diverticulitis, and cholecystitis with a high sensitivity and specificity (5) (6) (7) . Abdominal NCT is also as sensitive as APF in diagnosing ileus (8, 9) and more sensitive than APF in detecting intraperitoneal free air (10) . NCT has become an alternative to intravenous urography in the evaluation of renal colic with a very high sensitivity and specificity for the detection of ureteral stones (11) . CT is also as effective as urography in recognizing signs of ureteral obstruction (12) and is able to detect additional urinary tract findings (13) as well as alternative non-genitourinary diagnoses (14) .
NCT have been suggested to replace APF in patients with acute abdominal pain (15, 16) as CT has been found to give a superior diagnostic sensitivity of 96% compared to 30% for APF (17) . Nevertheless this has been (18) and still is a controversial issue (19) , and the increased radiation dose caused by the CT examination has been of major concern (20) . However, it is possible to reduce the radiation dose with maintained acceptable image quality (21) . Attempts have been made to decrease the radiation dose of the CT examination, mainly in the evaluation of renal colic, by reducing the tube current time product from 120-260 mAs (milliampere seconds) to 30-76 mAs. This so-called low-dose CT (LDCT) has been shown in several studies to have a sensitivity and specificity above 90% in the detection of ureteral stones (22) . Even an extreme LDCT with 6.9 mAs, giving a radiation dose equal to an APF, has been found to be adequate for diagnosing ureteral stones (23) . If the CT examination provides more information than the APF or a urography the total number of examinations performed might also be reduced, which can give a further total dose reduction (24) .
In our department NCT was introduced in 2001 instead of APF in patients with acute abdominal pain. Initially a tube current time product of 120 mAs was used, and in 2003 a reduction to 50 mAs was made.
The aim of the study was to evaluate whether NCT including LDCT can provide more diagnostic information and reduce the need of additional radiograms compared with APF in patients with acute abdominal pain. A second aim was to compare the diagnostic outcome between standard-dose CT (SDCT) and LDCT.
Material and methods
In advance of the study, an application to the local ethics committee was made, and the committee's response was that this kind of retrospective study did not need approval of an ethics committee. However, the local ethics committee had recommendations regarding patient integrity, which were followed. Written informed consent was obtained from the patients to get access to their medical records.
Patient selection was made using the journal system of the department of radiology where patients were referred from the department of surgery and examined with APF or NCT. Since our aim was to compare the methods APF, SDCT, and LDCT we chose to include patients from three time periods when each one of the modalities was used as the routine method. For this reason patients from the months January, February, and March in the years 2000, 2002, and 2004 were included in the study.
The indication for radiologic examination was acute abdominal pain of unknown cause. According to written guide-lines from the department of radiology, NCT was supposed to be performed using the same indications as earlier APF. The intention was that patients in whom a specific diagnosis like abscess, aortic aneurysm, gall-stone, or appendicitis was strongly suspected would be examined with another method like ultrasound or contrast-enhanced CT. According to the patients' journals there was a clinical suspicion of free abdominal gas, ileus, or both in 91% of the APF patients and in 80% of the NCT patients. In 3.5% of the APF patients and 6% of the NCT patients ureteral stones was the most suspected condition. Of the remaining patients a majority were just described as 'abdominal pain'.
A total of 225 patients fulfilled the inclusion criteria with symptoms of acute non-traumatic abdominal pain, examination within 72 hours from admission, age of 18 years or older, and no operations or imaging studies performed the last 2 weeks before the radiological examination. Three patients were found to have been examined with intravenous or peroral contrast media and were, therefore, excluded. Thus a total of 222 patients (109 males and 113 females with mean age of 66 years, range 18-92 years), were included in the study (Table I) .
A total of 86 patients had APF (39 males and 47 females with mean age of 69 years, range 28-92 years).
In 2004 the intention was that all patients examined with CT were going to have LDCT. However, the radiographer had to reduce the dose manually in these patients, and this was accidentally forgotten in 15 out of 91 patients. Since these patients now had gone through a SDCT they were instead included in the SDCT group. Thus a total of 60 patients had SDCT (31 males and 29 females with mean age of 67 years, range 28-87 years), while 76 had LDCT (39 males and 37 females with mean age of 61 years, range 18-89 years). The mean age of the total CT group was 64 years.
CT scans were obtained with a four-detector row Siemens Volume Zoom (Siemens Medical Solutions, Erlangen, Germany). The SDCT examinations were performed with 80-165 mAs, 120 kV (kilovolts), collimation 4 Â 2.5 mm, feed 12.5 mm, and pitch 1.3. In LDCT 30-50 mAs, 140 kV, collimation 4 Â 5 mm, feed 25 mm, and pitch 1.3 were used. All CT examinations were reconstructed with axial images with a 5-mm interval.
APF images were obtained with a Philips Bucky Diagnost TH (Philips Medical Systems, Best, the Netherlands). All APF examinations included four radiograms, two anterior-posterior projections (35 Â 43 cm cassette, 16 mAs, 77 kV) of the upper and lower abdomen, one horizontal, anterior-posterior projection (35 Â 43 cm cassette, 16 mAs, 81 kV) with the patient in a left lateral decubitus position, and finally a free gas projection (24 Â 30 cm cassette, 20 mAs, 60 kV) of the right hemidiaphragm, also with the patient in a left lateral decubitus position. All reports were primarily either written or double-checked by a specialist in radiology.
The diagnoses in the X-ray reports were retrospectively reviewed and compared with the diagnoses in the medical records at the department of surgery. The final diagnosis written in the medical record within 30 days of the radiological examination was regarded as gold standard. The final diagnosis was confirmed operatively in 58 patients, by other radiological methods in 49 patients, and by endoscopy in 10 patients. In 11 patients the final diagnosis was an already known disease, mostly a known malignancy. In 44 patients the diagnosis remained unclear even after 30 days. In the remaining 50 patients (21% of the APF patients and 24% of the NCT patients) the diagnosis was received by using the information of the original APF or CT examination together with chemical analyses and clinical outcome. The most common diagnosis in this group was constipation (19 patients). All patients were treated at the same department of surgery.
All X-ray reports and matching final diagnoses were reviewed together with a specialist in surgery, and the impact of each X-ray report was graded into one of four groups named A, B, C, and D. Group A included patients were the diagnosis in the X-ray report was in complete agreement with that in the medical record. Reports that led to an immediate therapeutic step (free abdominal gas) were also included in this group. Group B included patients where the findings in the X-ray report were valuable but did not lead to a direct diagnosis. The report provided useful information but further radiological, clinical, or laboratory examinations had to be made to confirm the diagnosis. Patients with a known disease, most often a malignancy, where the report showed status quo, were also included in this group. The radiological report did not provide any new diagnostic information in these cases, but the information about the state of the known disease was still regarded as valuable. Group C included patients where the radiological report did not lead to a correct diagnosis. Finally, Group D included patients where the final diagnosis remained unclear even when the patient left the hospital, and most of these were diagnosed as 'unspecific abdominal pain' in the medical report.
All additional radiograms, divided into abdominal and non-abdominal radiograms, within 30 days from the original examination were registered for each patient. A total patient dose was calculated by using the average dose of each radiogram that is reported to the Swedish Radiation Protection Authority (Table II) .
Pearson's chi-square test was used to evaluate the diagnostic results, expressed in percentage, of the different radiological methods in the different diagnostic groups A, B, C, and D. Non-parametric variables like the number of additional radiograms and the average patient doses were analysed with the nonparametric test of Mann-Whitney.
Results
The diagnoses made with APF as well as the final diagnoses of the patients in this group are presented in Table III , and the diagnoses of the SDCT and LDCT groups are presented in Table IV and Table V. The percentage of patients distributed between the different diagnostic groups A, B, C, and D for the radiological methods APF, SDCT, and LDCT are presented in Table VI . The percentage of CT with correct diagnosis was significantly higher than APF and independently of whether group D was included or not (P < 0.001). In group A, CT (SDCT and LDCT) was found to give the correct diagnosis in 50% (95% confidence interval (CI) 41.6%-58.4%) compared with 20% (95% CI 11.4%-28.2%) of the patients with APF, a difference found to be significant (P < 0.001). The sum of correct diagnoses for group A and B was 68% with CT and 30% with APF. There was no significant difference in diagnostic results when comparing SDCT and LDCT, independently of whether group D was included or not (P = 0.07 and P = 0.1, respectively). However, when comparing the diagnostic results in only group A, there was a significant difference in favour of LDCT (P < 0.02).
The average numbers of additional abdominal and non-abdominal radiological examinations are presented in Table VII . Analyses with a non-parametric test showed that SDCT and LDCT had a significantly lower number of additional abdominal radiograms than APF at 1 week, at admission, and at 30 days (P < 0.001). However, only LDCT showed significant reduction of non-abdominal radiograms for all three time periods (P < 0.04). The combined result of SDCT and LDCT (CT total) showed that 69% of the patients did not require any additional abdominal radiograms during the time of admission compared with 38% in the APF group (Table VIII) . Only 4% in the CT group required two or more abdominal radiograms during admission, compared with 26% in the APF group.
The calculated average doses including both additional abdominal and non-abdominal radiograms for each radiological method (APF, SDCT, and LDCT), as well as the added doses of APF (1.3 mSv), SDCT (7.3 mSv), and LDCT (4.2 mSv), are presented in Table IX . The average doses for APF and LDCT including the additional radiograms were almost the same, 6.7 and 6.2 mSv, respectively. In each group there were a few patients who stood out with a lot of additional radiograms resulting in a much higher total dose, more frequently in the APF group. Since these few patients could have an important influence on the average dose in each group the results were analysed with a non-parametric test. With this test APF was found to have a significantly lower total dose even in comparison with the LDCT (P = 0.003 at 30 days). A large number of patients in each group were only examined by APF (38%) or NCT (69%) and did not have any additional radiograms. These patients received a higher dose if only examined with NCT instead of only APF, which explains the result of an overall significant lower dose for the APF method. An estimation of the cost for either APF or NCT was made using the purchase price of the equipment and its time of use, the salaries of radiographers and physicians, and their time involved in the examination. According to this calculation the cost of an APF and NCT were found to be US$47 and US$89, respectively. This calculation did not include other costs like administration, education, and buildings, which would affect the costs in a similar way for the two examinations. The main explanation for the differences in examination cost was found to be the differences in the purchase price of the equipment. The additional radiological examinations during 30 days generated a mean cost of US$491 in the APF group compared to US$248 in the NCT group.
Discussion
This study demonstrates that NCT is significantly better in providing diagnostic information than APF in patients presenting with acute abdominal pain, as has been shown by others (17) . It also reduces the number of additional radiograms, but the total radiation dose to the patient group remained somewhat higher in the CT group even when using LDCT, compared to APF. However, the results indicate that as a group the total radiation doses to the LDCT and APF groups were almost equal. The total average patient dose was calculated from the average doses of the examinations performed which gives a more crude measurement of how the total dose is affected by the choice of modality than if the doses had been calculated independently in each patient. Also the way the material was handled statistically can have an influence on the final differences in dose results. With newer equipment it seems possible to reduce the radiation dose even more by further decrease of the tube current time product, which will further increase the advantage of using CT.
The reduction of additional radiograms is an important finding and benefit of using CT. A quick and correct diagnosis with reduced use of other diagnostic tests will be of great benefit for the patients as well as for the health care system. However, an overuse of LDCT will result in increased radiation doses to the population, and the health advantages of a quick and correct diagnosis might be somewhat counteracted by the increased risk of X-ray-induced malignancy (25) . This of course means less for elderly patients compared to younger patients, where indications for using LDCT must be kept very strict (26) . Our results also indicate that APF can be used when bowel obstruction and constipation are the main indications. However, for diagnosing free air, APF cannot be recommended, and LDCT is now considered the method of choice (10) . LDCT has its clear advantage in patients with severe acute abdominal pain with unclear address. Surprisingly LDCT was found to provide better diagnostic results than SDCT, and the most likely explanation was that the radiologists gained more experience in interpreting unenhanced CT imaging in the acute abdomen during the 2 years until LDCT was started.
We admit that the result, using this retrospective approach, does not permit a reliable comparison between SDCT and LDCT, which was a second aim in this study. On the other hand this indicates that the differences between APF and CT will increase over time in favour of CT as experience with the method grows.
The development of new methods and exchange of old methods happen very fast today, and unfortunately these exchanges of methods are often done without being critically evaluated if it really has a health benefit. This is especially important when we change from methods with less radiation to more radiation as the clear trend of the increased use of CT is. It is important to be able to measure the health effect of such changes, and hopefully this paper can contribute to this. The drawback with this study was that it was retrospective and, therefore, the groups not exactly comparable. There was a difference in mean age between the APF (69 years) and CT (64 years) groups. This can be due to the referring doctor changing his behaviour over the time when APF was exchanged to CT, becoming more aware that CT could be helpful in diagnosing inflammatory disease such as appendicitis, cholecystitis, and diverticulitis, not possible with APF. Especially, the increased request for diagnosing appendicitis could explain the somewhat lower mean age in the CT group. Our experience is, however, that when APF was the method of choice it was generally used as a first-step investigation in most patients with acute abdominal pain. This is illustrated by the fact that 47% (40 patients of 86) of the patients in the APF group received one of the final diagnoses appendicitis, diverticulitis, abscess, ureteral stone, cholecystitis, bowel gangrene, liver cirrhosis, aortic aneurysm, haematoma, ascites, or malignancy, compared to 39% (53 patients of 136) in the CT groups. Nevertheless, the change in behaviour over time for both referring doctor and radiologist will have an effect on the comparison between the groups.
The advantage with this retrospective study was that the different groups were extracted during a time when each method was the mainstream one.
The cost analyses demonstrated that the cost for a NCT (US$89) examination was somewhat higher compared to an APF (US$47) examination. This difference was mainly due to the differences in purchase price of the equipment. However, if all additional radiological examinations during 30 days were included, the mean cost was clearly in favour of the NCT group compared to the APF group.
The results of this study show that LDCT is more informative in the acute abdomen than APF, reduces the need of additional radiological methods, and that a low-dose approach does not necessarily impair the diagnostic quality. This makes LDCT a promising tool, and the key point in the future must be to make the radiation dose as low as possible. 
